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A MATHEMATICAL MODEL OF THE SPREAD OF THE AIDS VIRUS

Prepared by
J. M. Hyman and E. A Stanley

Center for Nonlinear Studies
Theoretical Dvision, 6284

Los Alamos National Laboratory
Los Alamos, NM 87545

ABSTRACT

A mathematical computer model of the spread of the AIDS epidemic in the United

States is being developed at Los Alamos National Laboratory. This model predicts

the spreading of the HIV infection, and subsequent development of clinical AIDS in

various population groups. These groups are chosen according to age, frequency

and type of sexual contact, population density, and region of the country. Type of

sexual contact includes not only the heterosexual, homosexual differentiation but

also repeated contacts with such primary patiners as spouses. In conjunction with

the computer model, we are developing a database containing relevant

Information on the natural history of the viral infection, the prevalence of the

infection and Of clinical AID$ in the population, the distribution of people into

sexual behavior groups as a funct!on of age and information on interregional

contacts. The effects of variable infectiousness and sexual activity during the long

pericd from infection to disease are found to have a major impact on the

predictions of the model.

Research Investigators include: W. A, 8eyer, S. R. Booth, S. A. Co/gate, /?. H. Drake,

P, S. Hagan, J, M. Hyrnan, $ P. Layne, T. G Marr, /.C Peterson, C, 8, QuaUs, R, T. Pfaff,

E, A. $tanley and L. A. Wtdler
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OVERVIEW OF THE PROPOSAL

A. WHAT WE INTEND TO DO

This proposal is to develop and investigate a computer model to predict th~

future course of the AIDS epidemic in the United States. This model will describe

spreading of the HIV infection in the different aqe groups and regions of the

country, and from groups engaging in extremely high risk behaviors to those

engaging in lower risk behaviors, and estimate the subsequent AIDS caseload. The

future spread of the virus will most likely be through sexual contact and drug

needle sharing, these are accounted for in great detail in the model. (The

transmission in Africa would require also including blood transfusions.) These

predictions could be used to analyze the medical care costs and national

productivity loses due to illness and death.

Current predictions of the spread of the A1OS epidemic ate based on simple

exponential or polynomial extrapolations. It is inevitable that k~ehavior changes

and medical advances will greatly affect the futurt come of the epidemic. The

changes will be highly nonlinear functions of th~ parwneter values ●nd at times may

even lead to changes that are counter to intuition and to simple extrapolation

predictions. The predictions must realistically take these changes into account. The

usual curve fitting methods are not reliable fer complicated nonlinear behavior,

especially if long time scales such as the virus incubation pariod are crucial. The

mathematical model predictions of these countw-intuitive mechanisms may greatly

improve uur understanding of the observations.

A central goal of the mochl is to identify which variables the predictions are

most sensitive to. These are the most important variables to collect detallod

information on in future ●piderniologlcal studies. The model will also allaw health

officMs to evaluate the ●ffect of diff~rent strategies (aducation, use of condoms,

sperrni~idss, change in sexuwl behavior, . ..) on the ~pread of HIV. Using

mathematical! models to evaluat~ strategies has baen applied succsmsfu!ly in other

epid~mics [Martini, Heathcote and York]; most dramatb,~lly In pr~dicting tha

influence of mosquito population on thst spread of malaria [Ws].

To achieve this goal we plan to develop as detailed and scientifically sound an

epidemiology model for the spread of the HIV infection ●t possible. The current

data and computer power preclude actually using this full modol, However, the full

modal can b~ used to mathematically and computationally d~termina which are the
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most appropriate variables and simplified models to predict the spread of the

epidemic.

Our model is not really a single model, but rather a sequence of models, of

increasing complexity. For example, one version may neglect age dependence,

while another may incorporate it. All of these models fit into the same general

framework, and we arc developing a computer program which allows the models to

be easily changed to incorporate new ideas or to compare one version with another.

We will use the model predictions to increase the awareness and make

recommendations to policy makers by identifying the mast effective measures that

could be taken to curb the spread of the HIV infection.

B. WHY THIS IS IMPORTAN?

Our prima~ objective is to quickly gain the capability to accurately predict the

future incidence of clinical AIDS. Unless significant medical breakthroughs chang@

the course of the epidemic, the large number of currently infected people (1 .S -2

million in the US) will increase and most will eventually conveti to AIDS. As the

epidemic progresses, the need for accuratepwdictions of health care needs and of

the economic impact will increase.

It is likely that large numbers of Americans will become ill and die from this

disease before either a vaccineor an effective treatment becomas available [Hahn,

et. al.]. Most of these people will be in th~ 20-40 age group [Burke, Francis and

Chin]. Both the loss of productivity ●nd the burden on the health caresystem will be

enormous. In the long run, the military preparedness of the country may be

affected. The more accurately we can estimat~ th~ ●xtent ●nd distribution of th~

epidemic, the better prepared the nation can bc to deal with the care of those

affwted, We will use our predictions to work in conjunction with other efforts to

analyze the health care costs ●nd the economic loses due to the premature deaths

ef so many young peopl..

The spreading of HIV by heterosexual contacts can●lready be seen in tha most

rec.nt figures from CDC. in the adult black population, hetcrosexually transmitted

NDS ●lready accounts for 12% of ●ll cases. In the tests of military recruits the

fractions of infected males and of females are nearly ●qual [Burke].

In our preliminary calculations, the safety of the heterosexual community is

Iargcly an illusion based on the different time scales ●ssociated with different sexual

behavior patterns. In these runs tha heterosexual (less active) susceptible mimic
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the current homosexual trends with atime lag of only a few years. This is true, even

\hough only a fraction of 1% of the heterosexual population is currently infected.

Besides the obvious desire to accurately predict future numbers of infected, ill,

and dead we are developing a tool which will allow Investigation of the effects of

behavioral changes, treatment methods, and vaccines on the future course of the

epidemic. This will allow investigators to answer many questions. For example, one

can assume increased condom use by people in a targeted age group and region

and determine how much that increased use will slow the local course of the

epidemic. This would then help authorities to decide if it is more effective to

encourage condom use in that group, than to use another strategy. As another

example, eventually a partially effective vaccine will be developed. Somehow it

must be ascertained which persons should be vaccinated. The model can be used to

undemtand the effect of vaccinating eachgroup on the spreading of the epidemic.

c. WHY us?

Los Alamos is patiicularly well-equipped to develop the HIV spreading model.

W@ have already assembled a broad-bas~d, high-caliber scientific team which

includes scientists with previous experience in modding ~pidemics, numerical

ardysis, c~mputer science and economic analysis. These team rnembm are active

research scientists and, although most are not currently supported for th~ir

epidemiology efforts, they ●re hard at work primarily due to their concorn about

the future course of the epidemic.

In a scientifically sound ~pidemiological model, the mathematical aspects are

crucial to predicting the future course of the infection. The variables considered in

the model are selected according to th~ir influence on the predictions. Defining an

accurate model is an mmrcisa in applying a well based scientific methodology to

understand the unddying transmission mechanisms.

Theso predictions may not always be intuitive. For examp!~, the past

underpredict.ions of hew many infected individuals will develop AIDS resulted from

a counter intuitive mechanism and ddayed public awareness of the extent of the

problsrm. If most ef tlw AIDS cases diagnosed today were infected 3-4 years ago

(Fig, la) what does this say about th~ average time to convert to AIDS? If the HIV

infected population was constant the answer would be 3=4 years, but it’s not. The

WV infuted population is changin~ rapidly, In Fig, lb we givsi an ●xample where

the HIV infected population Is deubllng ev~~ year and the averago tlmo to convw’t

to NIX is 7-8 year% The distribution of patients currently developing AIDS in Fig. la
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is the product of the two curves in Fig. lb, and hence, is highly skewed toward the

ear!y conversion times. In this simplified example, it is clear how the model can

increase our understanding of the observations and improve our predictions.

Wen our current, relatively crude, computer models require hundreds of

thousands of differential equations to be solved. As the computer model becomes

more complex, supercomputers will be necessary for accurate detailed predictions.

The Los Alamos Computer Facility contains the most powerful collection of scientific

supercomputers in the world. These cmwputers will allow us to investigate an

extremely dt’tailed model, and to maintain and analyze a large data base which will

give us the information necessary to make this detailed model work.

Although the economic and social impact of the epidemic is not a primary goal

of this proposal, it will be of utmost importance. The best way to ensure that our

transmission modd predictions are known and undemtood by the people making

cat estimates is to have local scientists with experience in cost benefit analysis

involved. Los Alamo$ has some expefiise in this field [references], and we can use”

this expertise to ensur~ that our results are used appropriately.

As the predictions are obtained, the Los Alarnos statisticians and economists

can work with Gther agencies te use the predietion$ to analyze and estimate the

expected economic costs. These costs result both from medical trastment of AIDS

patients and from producti,lity losses due to their illness and premature death.

M( dica{ system costs include not only direct treatment, but also r~search

expenditures and problems created in the insurance and MM care systems. The

productivity losses and economic impact due to losses in exBWted earnings may

prove to ba immensa. Most of those affected are young, with many productive

years ahead of them. Our economit analysts will be able to do some preliminary

estimates of the medical care costs ond productivity loses, but they ●xpect to

primarily serve as a conduit to pass our rtwlts on to these othar greups.

0. OUR BASIC TIME SCALE

Our model for th~ spread of the HIV hfection is progressing rapidly. We

exped to hav~ a preliminary vwsion of th~ model running by early June. Th~ model

will use th~ data we ar@collecting from the CIX, NIH, the armed sewices, state and

local health officials, and other groups studying the A!tiS tpich?mlc, on the

progression of tha infecticm in il]dividuals, the tran$missibi~ity of the disease and tho

prevalence of the virus in different segm~nts of the population. This information

will be organized into a data base and used to evaluate parameters of the model.

AIDS Overview/R@vised (Cd)5-5-87/AIDS fold@Suppoitdt
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We are also gathering sociological information on age specific sexual activity and

drug use which will allow us to gradually improve the basic model. The model will

be carefully monitored to ensure consistency with known information on the

progression of the epidemic and to gain a thorough understanding of the effects of

the new changes. Within the first year, the model which mimic the major

transmission lines of the disease and be used to predict the future spreading of the

HIV infection.

The current poor data base, on which the model depends, leads to large error

bounds on the predictions. As the quality and quantity of the data improves, so

should the predictions. However, just because the optimal data doesn’t exist the

model development shadd not be delayed. The final model will take several man-

years to implement and canbe used to improve the internal consistency of the data.

The model can also identify anomolies, suspected “bad” data points and what data

is most needed to improve the predictions. We are maintaining contact with ttw.

other AIDS modeling efforts. Because of the uncertainties in the data and the:

highly nonlinear aspects uf the problem we expect the different forecasting

techniques to give qualitatively similar predictions but significant differences in the

details.

As this model is developed, we will interact continuoudy with the various

groups which are collecting and analyzing data on the modes of tran~mission, the

prevalence in the population, and the etiology of the I-NVviral infection. The model

developmer~t will raist new questions at each staga and rww information will

become available as more and more studies are undertaken, We expect that our

questions will help to focus some of these studies cmaspects of the ●pidemic which

must be understood in order to maka accurate predictions. By requiring tho data te

be self-consistent, the model can estimate unknown data and pararnotom from

known ones. For e~ampl~, how many people were infected with the HIV as a

function of the known AIDS cases. Once we feel that the model is sufficiently well

developed, we intend to make the computer program available to other scientists

to conduct their own investi~ations with it.

WQ are currently working on the model development on four fronts. First ws

are talking to clinical epidemiologists and searching through the clinical Iiteratur@

in order te gain the bast idea possible of the etiolo~y of the HIV infection: the

infectiousness of different routes; the variation of infectivity as the infection

progresses; the distribution of times after infection at which AIDS occurs and at

w!~ich death occurs; how these variabks depend on the general health of an

AIDS Owview/Revhed [Cd) S=587tAlUS folder/Support-dt



7

individual, etc. Second, we are investigating the effects of adding various factors

one or two at a time, such as variable infectivity, to the Anderson, et al. homosexual

model. Third, we are writing the general computer model described above. Finally,

we are talking to demographers and sociologists, as well as AIDS investigates, in

order to accurately model sexual behavior and drug use.

SUMMARY

Major medical advances are required before an efective antiviral therapy is

deveiop=d or an effective vaccinewill be widely available. Thus, we have to prepare

for a long battle against the spread of the HIV infection. The model will help us

gain insight into how the epidemic is developing and allow us to visualize the

future. The formal mathematical model will allow computer simulations of the

iarge scale dynamics of the epidemic. The complex interactions of the various

competing forces can be singled out and individually studied to improve our

understanding of the essential relationships between the social and biological

mechanisms that influence the spread of the disease. Many of the computer

experiments, run to gain insight into the behavior of the epidemic, would not be

possible or ethical to perform in human populations.The influence and sensitivity of

various factors on the spread of the epidemic can be ascertained. Those factors th at

~re most crucial will be identified and used to set priorities in the research and

target the most effective means to slow the spread. The model will be a tool where

we can run computer experiments to predict the outcome of different approaches.

These experiments cansave time, resources and lives. It will allow us to predict what

the future really will be and actas a control group for true expwimental situations.

TASKS

1. Develop a realistic comprehensive model for heterosexual spreading of the

HIV infection without undue concern of the currently available data or

computational complexity of the model. This comprehensive model will be used to

determine the appropriate computationally solvable submodels on which the

predictions will be based. The model will describe transmission by both sexual

contact and sharing of needles. Sexual transmission is from male to female, female

to male and male to male. Contacts occur between people living in different

regions and between different age groups. Numbers of children infected

perinatally as well as the numbers of clinically ill will be determined from the

AIDS Overview/Revised (Cd) 5-5-87/AIDS folderfiupport-dt
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numbers infected for a given length of time in the appropriate age groups.

Development of the model involves a number of processes:

a. defining the general integral—partial differential equation framework

b. understanding and modelling the contact rates between various groups.

c. simplifying the model to forms which the computer can solve in

reasonable time periods, using estimates of parameter values. (E. A.

Stanley, T. G. Marr, J. M. Hyman, P. S. Hagan).

2. Implement acomputer codeto solve the model. This codewill be based on the

general framework of the model, so that it is sufficiently flexible to be changed as

the model changes. It must be easy to use. The large number of variables involved

make it difficult to visualize both the input and the results. Thus, a flexible input

and output interface, coupled to good graphics software, will be developed.

(J. M. Hyman, R. T. Pfaff, J. Peterson)

3. Obtain data on the AIDS epidemic. This includes data on seroprevalence,

numbws of clinical AIDS cases,and from clinical cohort studies. Clinical cohwt study.

data will give information cm the distributicm of times b@vveen infection and

development of clinical AIDS and between AIDS and death, on the infectivity of

individuals as infection progresses, and on sexual behavior patterns, all of which

depend on age and general health. This data will be continuously updated.

Obtaining this information involves interacting with agencies across the count~,

including the various agencies of the NIH, the armed services, hospitals, and public

health services. (E. A. Stanley, S. P. Layne, S. A. Colgate)

4. Organize and do statistical analysis of the data so that it is in a form which the

computer model can use. Understand the biases in each sample and attempt to

account for them. (C. 8. Quails, T. G. Marr, W. A. Beyer, L. A. wal~er)

5. Understand sexual and needle-sharing behavior as it varies with age, and as it

is affected by knowledge of infection and fear of contracting the virus. This involves

interacting with sociologists and clinical workers. The numbers of partners and

frequency and type of sexual contact with the same pa~ner are all important to

understanding the transmission lines of this disease. For the age structured model,

frequencies of contact between age groups need to be estimated. (T. G. Marr,

E. A. Stanley, L. A. Wailer)

6. Explore the behavior of the model. The sensitivity of parameters and any

inconsistencies with the data must be understood to ensure that we have captured

the essential transmission mechanisms. If the model can be simplified without loss

of important information, this should be done. Explaining our results to clinical

AIDS Ovemiew/Revised (Cd)5-5-87/AIDS folder/Suppoti-dt
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investigators and obtaining feedback from them will be an important aspect of this

stage. Inconsistencies in the data and the sensitivity of the model to parameter

changes will suggest case studies that should be done. These suggestions will be

passed on to other agencies. The model will be continuously revised to keep up

with current knowledge. (S. A. Colgate, P. S. Hagan, J. M. !-lyman, T. G. Marr, E. A.

Stanley, L. A. Wailer)

7. Make predictions with the model. Compare predictions based on current

behavior with those based on behavior changes wrought by education and fear of

contagion. (S. A. Colgate, p. S. Hagan, J. M. Hyrnan, T. G. Marr, E. A- Stanley,

L. A. Wailer)

8. Develop models to estimate health carecosts and productivity loses due to the

illnesses and death cause~ by AIDS. Use the above predictions to make these

estimates. Interact with Nil-l, the CDC, armed forces and othem to understand the

future impact of this epidemic on the health care system and on the framework of

society. (S. R. Booth, R. H. Drake)

9. Release the model to other scientists for their own investigation of its

predictions and of the effects of treatment programs and vaccines. This release will

occur only after the model is thoroughly understood and is known to be robust.

ADDENDUM I

DESCRIPTION OF THE TRANSMISSION MOOEL

INTRODUCTION

HIV is primarily transmitted through sexual contact (M-F, M-M), sharing of

hypodermic needles and exposure to infected bkwd either perinatally or through

blood transfusions. It is Itot transmitted by nonsexual daily contacts, even though

the virus has been isolated from almost every body fluid [Fischl, et. al.]. The

infection risk to an individual depends both on the behavior of the ‘ndividual and

on the prevalence of infection in the groups with which the individual has sexual

contacts or shares needles. This prevalence varies between regions and age groups,

as well as between behavioral risk groups. Behavioral risk groups are defined not

only by the frequency of changing homosexual and heterosexual partners and of

sharing needles, but also by the manner in which the partners are chosen. An

individual h more likely to be infected if he or she

) has multiple sexual partners

* has sexual partners in a high risk group

AIDS Overview/Revised (Cd)5-5-87/AIDS folder/Support-dt
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b lives in a highly populated area

b lives in the New York City, Washington, DC, San Francisco or LosAngeles

areas

} shares needles when using drugs

) is between 25-35 years of age

We are developing a fairly general framework for our model of the

transmission of the HIV infection. This framework attempts to include all of the risk

factors which we foresee as being important to the epidemic, and some which will

eventually be found to be unimportant. Posing the model in this general manner

has several advantages. It allows us to develop a computer program which is

sufficiently flexible to be able to switch from the most simplified to the most

complex of models. M allows us to ask questions about the behaviors of different

groups of people and to attempt to ascertain which behaviors are essential to

undemt,anding the spreading of the epidemic.

The portion of the male and female population that engages in behaviors

which put them at risk for HIV, namely, nonmonogomous sexual contact and

needle-sharing drug use, is divided up according to their risk behaviors and the

manner by which they choose partners. Susceptible persons are infected through

contacts with infected persons, and infected persons develop clinical AIDS either

Kaposi’s sarcoma or opportunistic infections, at a rate which depends on the length

of time since infection began. AIDS patients subsequently die at a rate which

depends on the length of time since AIDS developed, and on the type of infection

(either KS or opportunistic).

It is assumed that once a person becomes infected, he reniains infected for life.

This one-way migration of susceptibks to infected is due to the chromosomal

integration of the proviral DNA into the host cell. Numbers of children infected

perinatdly are estimated indirectly from the numbers of infected adults.

In its most detailed form, the model, which is described in detail in subsequent

sections, contains too many variables to be solved numerically on even the largest

and most advanced computers. Even if it were possible to solve the system, not

enough will ever be known abeut human behavior to supply the necessary

information to the program, and any results would be so complex as to preclude

understanding. Instead, simplified submodels must be distilled out of the full

model; and their behavior investigated. This will allow understanding of the

interactions of different factors in the spreading of the AIDS virus, For example, in

order to comprehend how well the infectivity profile (infectiousness as time since

AIDS Overview/Revised (Cd)5-5-87/AIDS folderfiuppcwtdt
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infection) must be measured, one can iaok at the sensitivity of a very simple model

to variations in the profile. Such a model can lump age groups, regions and even

ignore sex, but cannot ignore all nonheterogeneities in sexual partner choices. On

the other hand, if we wish to understand how difference in age may delay

spreading into one age group from another, then we cannot ignore age-structured

behavior.

By requiring the data to be self-consistent, the model can estimate unknown

data and parameters from known ones. For example, how many people were

infected with the HIV as a function of the known AIDS cases. As we explore various

sub-models, we will build up a picture of interactions which will allow us to make

estimates in the giobal model !eading to major simplifications. We will also raise

quesxicms and insights which WIII spark investigators into reformulating their

research, and add to the general understanding of this epidemic.

Thus our model is not really a single model, but rather a collection of

models,with v~rying complexity, eacl~emphasizing different medical and social

f. -’ m. For example, one version may neglect age dependence, while another may

incorporate it. All of these models fit into the same general framework, and we are

developing a computer program which deals with the framework and thus allaws

the model to be easily changed to incorporate new ideas or to compare one version

with another. Also, the optimal approximating submodel of the full model during

the growth of the infection may not be the optimal approximation when the

epidemic starts to stabilize. The best approximating depends upon the state of the

system and the better computer models dynamically adapt their resolution of the

full model as the solutin evolves. As more detailed statistical information becomes

available, the more sophisticated models will become increasingly more

appropriate and accurate.

RISK FACTORS

In contrast to our current understanding of the transmission of malaria [Ross],

measles [Dietz and Schenzle], rubella [?], rabies [Murray, et al.] and many other

diseases [Anderson and May 1982], little is known about modeling the behavior of

STDS in the sexuaily active community. To analyza the HIV transmission dynamics,

t!le sexual activity and needle-sharing drug use of the susceptible population must

first be understood and modeled. This is a formidable research question in itself.

Traditional models for saxually transmitted diseases [Heathcate and Yorke,

Anderson, et. al,] assume that the sexually active population is homogeneously
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mixed, with partners picked at random from the pool of available partners, and

with the same risk per partner. However, this is a poor model for human behavior,

which only works when a disease is near equilibrium. A large potiion of the

population has a series of patinerships, eachof which lasts fcwa long periad of time,

during which there are many contacts with the same partner. More random

contacts tend to occur in the periods between partnerships. Partnerships are chosen

in a biased manner, from the group which is similar in age and sexual behavior

[John Gagnon, personal communication]. We are developing a modei which will

deal in a reasonably simple manner with both biasing in partner choice and multiple

contacts with the same partner, while still allowing for interactions between high

activity and low activity groups.

For example, the married man who has an affair with a married woman has a

different risk from one who picks up a prostitute once a year. They may both have

the se ne number of new partners each year, but have chosen those pa~ners in a

very different manner. Risk also depends on th~ infectiousness of each contact

(infectiousness depends on where the i~fected person is in th~ course of the

infection, the type of contact and the use of protective measures). It is perhaps

important to note that the infectiousness of HIV is sufficiently low that the spouse

of an infected person may not become infected until about a year before AIDS

develops, so that a person’s risk is not equivalent to his own risk PIUS his long-term

patiner’s risk.

Endemicity of the infection also plays a major role. Once the infection

becomes andemic in a group of people, it may spread in that group fairly rapidly,

while another group which ha$ few contact~ with infected groups may remain

protected for a long tinw, Age differences, physical distance, ethnicity and other

social groupings may all provide barriers to the spreading of infaction. Behaviors

also vary between different groups of people, leading to different spreading rates

in different groups.

Our model deals with all of these questions by treating each risk factor as a

variable, and distributing the population appr~priate!y. Contact rates b@vveen

groups with different variable values are then estimated @sw*II as data permits.

Because of the Icing tim~ scales involved in the transmission dynamics of AIDS,

members are not frozen into a given risk group oncethey have entered it. This flow

occurs because people mov~ from one region to another and because behavior

changes for a number of reasons, including age, marital status, knowledge of

infection, changing social mores and educational effo~. This is an additional
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source of contact between risk groups which the models of Anderson, et al., and of

Hethcote and Yorke have not dealt with. We intend to investigate the magnitude

of this flow and the effect that it has on the spreading of the HIV infection.

The risk group divisions which we have identified as being of possible

impcwtanceto the spreading of this epidemic area are

a - age

r- number of new male partners per year

s- number of new female partners per year

g - sexual activity group

d - number of needles shared per year

p - population density

z - zone of the country

e - ethnicity or social greup

Some of these variables (a,d,p,z,e) are chosen btcause they act as barriers to

the spread of the disease. That is, ~eople with similar ages, cthnicity, drug use and

iiving in nearby geographic regicms are more likely to spread the virus among

themselves than they are to other groups. Other variables (r,s,g,d) are crucial to

accurately predicting the rate at which the virus is spreading. The time variables t

and T = time since infection are needed to follow the course of the diseaw.

AGE

Age is important for a number of reasons.

The number of children born with the HIV infection will depend on the
number of infected wo,man who are having children, which varies with
age.

There is a distribution of ages at which people become sexually active
and presumably a tendency to migrate first into more activa groups and
then into long term relationships asona ages.

Drug use is agttdependent.

Social groups, such as college, are agedependent.

The amount and type of traveling done also isage-dependent.

There are natural barriers to contacts batweon age groups, so that the
infecticm will not necessarily spread into all age groups in an infected
area.

Health and death rates are agedependent.
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SEXUAL ACTIVITY

Risk from sexual activity depends on the probability of choosing an infected

partner as well as the number and type of contacts with an infected partner, A

small core of HIV infected very sexually active people (e.g. prostitutes) can drive the

epidemic. The probability of choo~ing an infected partner depends not only on how

many new partners are chosen, but also on the manner in which those patiners are

chosen.

Most models for the transmission of venereal diseases [Heathcote and Yorke,

Anderson, et al.] have assumed that a;l patinws are picked at random from the pool

of available partners. This leads to the proportionate mixing assumption that the

probability of someone with i partners per year picking an infected partner with]

partners per year is i“j “(number of infected people with j partners per year)/(total

number of partners picked per year). The\-emodels also assume that the number of

contacts per person is the same. However, it is clear that these are overly simplistic

assumptions, even for a purely homosexual n~odel.

There is, first of all, a tendency for people with fewer partners to havetrnor~

contacts per partner than people with many partners. Thera is also a bias of Iikc

toward like, so that people with few partners tend to pick people who also have

few partners. Simply adding these biases into thu Anderson, Qt. al., model leads to

substantially different predictions (see Figures 1-3) from their random mixing

model.

Another aspect of behavior is that most sexually active people, both

homosexual and heterosexual, move in and Gut of stable partnerships [conversation

with J. Gognon, German data]. They may gc into the dating pool and have a

number of sho~ term relationships, with a small number of contacts per person,

before forming a new partnership, or they may go directly from one partnemhip to

the next (with or without some overlap). The duration of the longer term

partnerships tends to increase with age. A recent modol for the spread of AIDS by

Klaus Dietz incorporates some of these flow ideas using survey data of the West

Germany population.

There is also a fraction of the population which maintains long-term

relationships, and then has a certain number of outside partnerships. The risk to

individuals from longer-term relationships depends on the outside partners or the

previous partners of their mates, In ordw to deal with these Ideas, we have

included the ability t~ break up the sexual activity groups into behavior classes.

AIDS Overview/Revised (Cd) 5=5.87/AIDS fcdderfiupport-dt



15

Some possible behavior classes are shown in Figure 4. We are contacting sociologists

and demographers to ascetialn what is known about sexual partner choice, and

how many people fall into various activity and behavioral classes.

No large-scale studies aimed at ascertaining the amounts and types of sexual

contact or the patterns of partner switching in the U.S. population have been

conducted since the Kinsey study in 1948. This makes it difficult at this point to

divide the population into behavioral groups. However, information from other

studies such as fertility studies of women, and small scale studies c~fvarious group

may possibly be piecedtogether to gain a rough picture of these demographics, For

example, a survey of men in the age group 25-54 in San Francisco yielded the graphs

shown in Fig. 5 on numbers of homosexual partners and proportion purporting to

be homosexual, as well as some estimates of the prevalence of anal sex

[Winklestein, et. al.].

Although the data is poor at this point it may be found that the infectiousness

of a contact also may depend on the type of contact (male-male, female-male, rnale-
fernale, anal-genital, oral-genital). Although approximately the same numbar of

men and women are infected with HIV in central Africa, this does not imply that the

virus is transmitted with equal efficiency between men and women. In central

Africa the average infected male has had 32 partnws in the past year (NW), some

with very active females (prostitutes), while the uninfected males have had an

average of only three. The women have had on the average, far fewer partner%

Infectitiousness certainly depends on the use of protective devices (condoms,

nonaxynol 9), Ws need estimatas of how frequently protective devices are used,

and how much behavior can be influenced by ●duration, knewledge that a partner

or oneself is infected, and by fear of infection. As public awareness increases and

more people know they are infected, we spaculato that the resulting change in

using safer s~xual practices wili slow tha spread of the virus. Also, individuals with

higher risk behavior are more iikeiy to seek testing ●nd discover their infection than

are those involved on!y in iow risk behavior, This correlating betwen high risk

behavior. This correlation between high risk behavior and being t~sted is ●asiiy

inciuded in the modei,

in mid 1981 the first news stories on AiDS had an impact on sexuai b~havior in

the homosexual community. The change in homosexual behavior through fawer

contacts on safer $exuai practices is refiected by the drop in rectai gonorrhea in

San Francisco {Pickenon Ref. 28 and 29]. This happen~d again in 1984-85. (Does

Hepititus B show a similar trend?) Estimating tha effects of future behavior
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changes, although readily accommodated by the model, will be extremely

inpwtant in determining the future course of the epidemic. The behavior changes

could, for example, be tied to the number of active AIDS cases.

*

Pick at random, mostly from others that pick at
random. Few contacts/person.

+

Dating, Few partners, few contacts w/each. Partners
mostly also daters.

C)=-’’)+CWKIK+’+
Rotating medium-term relations. Fcw others. Picked
from same pool,

Long-term + affair.

Long-term + random pick out of high activity class.

Figure 4. Different Individuals (indicated by ckcld$) may have vwy WWant sexual
contacts (Indicated by the lines).
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DRUG USE

HIV is transmitted by sharing needles to inject drug$. Partly becau~* many

prostitutes are drug users, and partly because most drug users are heterosexuals,

the spreading of HIV infection in the needle-sharing community is seen as a major

source of HIV for the heterosexual community at large. We are attempting to

asce~ain what fraction of the population engages in needle-sharing in different

age groups and regions, how they are distributed according to frequency of needle-

sharing, and how much bias there is toward sharing repeatedly with the same

people and against sharing with strangers [Gunzburg, 131ack,et. al.].

POPULATION DENS17Y

The results from serological tests conducted by the Department of Defense on

potential recruits indicate that the prevalence of HIV is highly correlated with

population density [Burke, et. a!.]. There ara a number of reasons for this, each ef:

which needs to be considered. Unlike many nonSTDs (e.g., measles, influonxa) the

rate of infection should not be strongly dependent upon the density of the host.

Peopl@ in large cities are less constrained than those in sma!l towns. Endemicity also

plays a role, since the virus will only be spread when it is present. Physical distance

creates barriers between people, so that mixing may be more random and

homogeneous in denser areas.

isolation previded by distance provides another barriw to the ●pidemic. To

understand how rapidly ttw W/ infection will spread into different regions of tlw

country, wc must model how each region is connected to e~veryother region by the

movemmt of people. Behavior may also be somewhat regionaL For example, it is

unclear why HIV has spread so much more rapidly into th~ New York City drug

community than into those in California,

Infection through blood transfusions caused a widespread geographic spread

of the virus. In spring 1985, before Rringont screening moasurw were applied to

blood donors, 0.25% of the blood tested by the ELISA test were seropositive [P

Ref. 15], This l~ad to widespread, but low level, HIV infections throughout the US;

thus, seeding the susceptible population. Today, most of the HIV tainted blood is

identified by the Elisa test and current blood transfusion infections will have a

negligible effect on the course of the epidemic. In th~ model we account for this
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historical misfortune by including a geographically widespread seeding of the virus,

T;lese low level infections will have a major impact on the future course of the

epidemic.

The spread of the epidemic over a large territory depends upon the movement

of the people. The flow of people between the major population centers by air,

trains and interstate highways usually occurs with minimal contact with the

intervening territory. We approximate the flow by a transfer matrix whose

elements can be derived from statistical D DcXdata.

The spread of the HIV into the regions surrounding the major population

centers is more of a diffusion like process where the diffusion rate is a function of

the population density.

ETHNICITY AND SOCIAL GROUP

The number of AIDS cases‘~hich have occurred, especially the cases in women

and children, are disproportionately greater in the black and hispanlc populations

than in the rest of the population [Rogers and Williams]. The DOE data from

military recruits also shows this bias [Burke, et. al.]. It is not understood why the

infection has spread more rapidly into thase populations. Ther@ are, however,

barriers to contacts between different racial groups, so that it may largely be a

question of endemicity. In other words, once the virus is introduced into a group of

people, it can spread only in that group until a contact with a member of another

qroup is encountered. If there we not enough contacts between racial groups, the

virus can spread entirely in one group, without extending into another. These

groups need not only be racial; any isolatsd group with few isolated contacts could

expwience an isolated spread. For e~ample, students at the same university mtght

form such a group, There may also be life style differences in these groups that

facilitate spread, or a more virile strain of the virus maybe introduced.

OTHER CONSIDERATIONS

NATURAL HISTORY OF HIV INFECTION

Studies of the long-term effect of the HIV virus on the immune system are all

reaching similar conclusions: HIV causes a slow, but progressive, decline in the

immune system. The rate of this decline varies from person to person, and some

people appear to stay on a plateau for long periods of time. Short-term upward
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fluctuations in measurements of quantities such as the T4 helper cells, are often

observed, but most infected immune systems decline over the long run [Brodt, e al,,

Redfielcl and Burke, Melbye, et al.], Autopsies of AIDS victims show that HIV also

crosses the blood-brain barrier in a large percentage (around 80%) of infected

persons and causes a wasting away of the brain; although it is not yet cl~)arif this

deterioration is a slow progression, or happens late in infection [Finkbeiner, et al,].

When the immune system is sufficiently compromised, or the brain sufficiently

affected, symptoms appear. Initial symptoms of immune problems range from the

very mild (so-called ARC, or generalized Iymphadenopathy, or even just poor

health) to Kaposi’s sarcoma and the devastating opportunistic infections classified

as AIDS. Deterioration of the brain leads to blindness and Alzheimer’s4ike

dementia. Eventually, d lth follows. It is not clear what the appearance of KS has

to do with HIV-stimulated immune system decline. KS may occur at any point more

than one year after infection, independent of immune system braakckwvn. It is

much more prevalent in homosexual men from New York City than in other groups. .

It is often not the evmtual cause ef daath; immune system decline continu~s until

an opportunistic infection backto death.

This picture of progressive immune system decline indhat~~s that everyone

infected eventually dies from HIV induced illness. Iiowevw, both the time from

infection to diagnosis of AIDS or dementia and the time from diagn6sis to death are

extremely variable. Adults have developed AIDS in less than two years (no adults

develop AiD$ in the first year [Weiss (1986)], and have remained well for more than

eight years. In studies of patients for whom some estimates of data of infection can

be made (such as hemophiliacs), the percentages developing AIDS in any given year

after infection ara still increasing, which leads to an estimate of an average time to

AIDs of at least eight years. Death may occur anywhere from a few hours to more

than six years after diagnosis, with an average of 12=14 months.

VARIABLE INFECTIVITY

Individuals who are carrying HIV vary in infectiousness as the course of the

disease progresses. Studies of spoIJses of hemophiliacs and blood transfusion

recipients indicate that infectiousness is quite small until late in the course of the

infection as few spouses have seroccmverted prier to a year before the onset ot AIDS

[James Goedert, personal communication, Fischl, et. al.]. However, partners have

been known to convert immediately [Weiss, et. al. (198S)].
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The infectivity may be related to the amount of free virus in the system of an

infected individual. Studies indicate that the amount of free virus goes up in the

first few weeks [Francis, et. al., Salahuddin]and then down as antibody response

occurs, then remains at very low levels for years. As the immune system collapses in

the year or so before AIDS develops, viral counts return to high levels [Robert

Redfield, unpublished data]. This isschematically shown in Figure .

It is clear both from the spouse pair studies and from OIJr numerical studies

that the chances of infection from a single sexual contact must be quite low (less

than about IO-Z) for most of the duration of infection, or eise the virus would have

spread much faster than it has. It the initial infectious period does exist, it is

important that it be well-defined for infected individuals with many conta. ‘s,

because it has a large effect on the rapid growth phases of the epidemic. This is

especially the case when a dispro~ortionately large percentage of infetied people

have on[y just become infected.

Any model which is going to predict tl)e number of infected perscms, cases of -

AIDS and deaths, must take into account the possible wick variability in infectivity.

This ensures not only that approximately the right distribution of people develop

AIDS or die, but also that infected people remain infectious for realistic lengths of

times. A person who is healthy but infected for a long period o? time has a much

higher probability ot infecting someone than a person wha develops 41DS relatively

early.

A person’s infectivity also varies with immune fundion, and thus with time

since infection. This variability in the probability of infecting someone with a single

contact, is also taken care of in our model in terms cd times to AIDS and times to

death. Our model allows for variable infectivity and variable duration of infection

by keeping track of the time since infection occurred.

TIME SINCE INFECTION (T)

Because HIV produces a progressive decline in the immune system, the

prob~bility that an adult develops AIDS depends on how long he has been infected.

The distribution of times between infection and clinical AIDS, t~, is only partially

known, due to the long times involved.

The time between infection with HIV and devdoprnent of clinical AIDS is

generally quite a number of years. No adults develep AIDS in the first year [Weiss,

1986], and in studies conducted so far, the percentage of PeoPle infe~ed in anY

given year that has developed AIDS continues to increase. Estimates for the avwage
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duration of infection now range from 5 to ten years, but there is a wide spread of

times at which disease occurs. A schematic for the distribution of times from

infection to clinical AIDS is shown in Figure Because it is such a widely

spread distribution, any model for the spreading of HIV needs to take this

distribution of times into account. This creates a time lag between infection and

AIDS cases.

Similarly, there is a wide distribution of times tObetween infection and death.

Keeping track of time since infection allows us to use “best guess” estimates for

these distributions, Another effect of the long duration of infection is the fact that

as infection progresses more and more people will ascertain their seropositivity and

change their behavior.

ENVIRONMENT OF THE F ‘Ic
Because time for al ted per~an may take 5 to 10 years to convert to AIDS,

the epidemic will not reacl~dn equilibrium endemic state for a very long time. This .

, is uri!ike many other epidemics, including measles [Dietz and Schenzi], gonorrhea

[He~thcote and Yorke] and syphilis [Martini]. Before the natural equilibrium is

reached, it is likely that medical advancesand changes in life style will greatly effect

the final equilibrium state. (The effects of life style changes by homosexuals in

1982-83 can already by observed in the repcvted AIDS cases.)

Our deterministic model smooths ever the sporatic effects of local random

features, However, unlike many other diseases, HIV infections persist (invisible and

seeming dormant) in a few isolated individuals (with low sexual activity) for long

times. This feature can cause sporadic local epidemics whenever the infected

individual passes the virus to a highly sexually active person. In fact, in these

situations the virus can spread rapidly, without warning, infecting a great many

people. Because of the long time between HIV infection and AIDS, this situation can

only be ascertained through virgulant testing for the virus.

As time goes on, tho environment of the AIDS epidemic is changing.

Education programs are being launched to promote condom use, fewer sexual

partners, use of nonoxynol-9, the use of sterile needles, etc. More people are being

tested for antibodies to HIV and counseled on the implications of the test results.

Treatments are being developed which will prolong the lives of infecd persons,

and perhaps lower their infectivity. A partially ~ffective vaccine may eventually be

developed. It will be possible to use our model to investigate the effects of each of

these programs on the couse of the epidemic. One will be able to ask questions
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such as which groups should be targeted for educational programs given that there

are limited funds available.

The probability of transmitting the infection in the highest sexually active

group (prostitutes) may be significantly less than in the general population because

of the increased use of condoms. The model has the obtain of varying the infectivity

as a function of the number of sexual contacts.

DATA

Many of hte sensitive facts, such as the distribution of the I-W infection, and

transmission parameter values, such as the variability of infectiousness, will be

knowrl accurately only after years of careful study. The limited data will greatly

influence the capability of the modet to accurately predict the future. The

limitations of the predictions can ha somewhat understood by monitoring the

sensitivity of the predictions as a function of the uncertainty in the data. These

studies wi~l also help ascetiain which data is most crucial in obtaining reliable

predictio,~s. If differen( viral strains have different etiology then some strains may “

eventually win out over others. For example, strains with longer incubation times,

those that are more infectious, strains such as HIV-2 that are not recognized by the

ELISA test or those that least reduce the health of the infected person when they are

most infectious may eventually spread faster than other strains.

We have constructed a list of the type of data necessary to initialize the preliminary

computer model and define the most sensitive parameters (Appendix ~).

Another use of the computer model will be to generate estimates of unknown

data that are consistent with all the known facts. For example, the past distribution

of the HIV infected w be deduced from the current AIDS caseload. To determine

the consistency of the generated data requires a formal mathematical model similar

to the one we are designing. The available data can also be checked assessed

indirectly to determine its internal consistency by leaving some data out, generating

estimates of the missing data bsed on the computer model and comparing the two

data sets.

In our prelimina~ models, we have found that the uncertainties in the data

and the parameter values cause changes in the details of the predictions but the

trends and eventual outcome are the same, For example, the models prediction of

when a certain group will be 5*A seropositive may va~ between two and three

years depending upon which parameters are used, But the qualitative prediction

that it will be 5?4 seropositive is much less sensitive. Thus the relative effectiveness
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of different control measures canbe ascertained,even though the details, such as the

exact timescale, may be wrong.

We are gathering data to estimate the rate of sexual contacts in the US from

the Kinsey Institute, the Journal of Sex in American and surveys such as “How Do

They Get It On in New York. ” We are planning trips to the Playboy mansion in

Chicago and the Annual Per~thouse Party to gather information first hand. This

research will be vital to correctly predicting the sexual spread ot the disease.

CLINICAL MANIFESTATIONS

TIYe model could differentiate between the various clinical manifestations of

A!DS based on different conversion probabilities, At this time we do not

differentiate, but have a lumped conversion probabi!%y distribution which peaks

between 7 and 8 years and aswmes every infected individual eventually converts to

AIDS. Since the conversion time may be longer in healthier populations or medical

advances may lengthen the conversion time this, probability is a primary variable in .

the model. The modeling is further complicated becausethere is little data on the

degree or variability of the invectiveness. Our current model assumes that a person

infectiousness is propo~iona[ to be amour.. of virus in the blood, but we have few

facts to s(tppofi this assumption.

GENETiC VARIATION

The genetic variability of HIV DNA sequences indicate that the virus is

mutating 5 to 10 times faster than an influenza vir~s [Gerry Meyers, Hahn (86)]. The

variability is due primarily to duplicatb=rs$ insertions, or deletions of short segments

and point mutations. The various strains may have dramatically different

infecticwsness resistance to vaccines or lead to different etiologies (e,g., KS vs PCP).

if different viral strains have different etiology then some strains may eventually

win out over others. For example, strains with longer incubation times, those that

are more infectious, strains such as HIV-2 that are not recognized by the ELISA test

or these that least reduce the health of the infected person when they are most

infectious may eventually spread faster than other strains, Although at this time,

insufficient data is available to include their effect in the model, we are not

precluding the possibility in the future.

ANALYTIC FORCASTING

Traditional forecastingtechniques will be used to identify changes in the course

of the epidemic. For example, the AIDS cases diagnosed since January 1980 is well
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approximated, as shown in Fig.- , by

totalAIDS cases = (1-1980)W+? *1%.

The total aids cases can also be well approximated by an exponential, where we

hvae assumed safer sexual practices (fewer partners, condoms, spermicide) reduced

the growth rate inversely as a function of time:

total AIDS casss = eat +
C/wherea=a (t+l),

Simplified analytic forecasting models such as these and the example in

Appendix D can give good estimates on how many people will get AIDS next week,

fair estimates for the next year but are insufficient to accurately predict the course

of the epidemic three to five years from now. The only way to make reliable long

term predictions is to include far more detail on the epidemiology and sexual

behavior through full scaie computer models.

CONSISTENCY CHECKS

Because the HIV epidemic is approximated as a perturbation on a stable,

sexually active, population, the underlying model should mimic reality without the

HIV infection included. Thus the balances between birth and death or between

married and single adults must b correct before we can approximate the

perturbation due to the epidemic.

GLOBAL PREDICTIONS

The model parameters could also be tuned to predict the spread of the virus in

other regions. One change would be the use of condoms and spermicides. For

example, they are used less frequently in Asia, Africa and Latin America than they

are in the US. Furthermore, a 1978 WHO report estimates up to 26% of the adults in

some of these regions are annually infected with gonorrhea, The current incidence

ot HIV infection in central Africa (up to 2S0A in metropolitan areas) raises serious

political and social concerns.

CURRENT STAT(JS

We are working on the model development on four fronts. First we are

talking to clinical epidemiologists and searching tnroug+ the clinical literature in

order to gain the best idea possible of the etiology of the HIV infection: the
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infectiousness of different routes; the variation of infectivity as the infection

progresses; the distribution of times afier infection at which AIDS occurs and at

which death occurs; how these variables depend on the general health of an

individual, etc. Second, we are investigating the effects of adding various factors

one or two at atime, such as variable infectivity, to the Anderson, et al. homosexual

model. Third, we are writing the general computer model described above. Finally,

we are talking to demographers and sociologists, as well as A17S investigators, in

order to ascertain what is known about sexual behavior and drug use.

This model is by no means relevant only to the spread of the AIDS epidemic. N

could be applied equally to any disease by changing the parameters and the initial

data file. Although, we are concentrating on the AIDS epidemic, we are producing

a very versatile tool that could be used to understand the underlying transmission

mechanisms of many STDS, including syphilis, gonorrhea and genital herpes. The

model will help us identify the difference and similarities among these infections.

APPENDIX B
REQUEST FOR AIDS DATA

REQUEST FOR DATA

We are developin a computer model at the Los Alamos National Laboratory
?to predict spreading o HIV into the population. This model considers spreading

into males and females, into different age groups and into various regions of the
country. This model attempts to incorporate all of the major transmission lines of
the HIV. In order to make accuratepredictions, we need to know

● efficiency of the various transmission mechanisms

● length of time that individuals remain infectious.

● variations in infectivity of individuals as the infection progresses

● current prevalence of HIV in populations with various risk behaviors

● how that prevalence is changing

● behavior changes which occur due to knowledge of seropositivity and of
prevalence of HIV.

In order to obtain the above information, we are asking questions from the
following general categories:

● Data from antibody tests.

● Data from infected persons.
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Information about the patient’s general health, when infected, how
health has progressed since infecticn
Information about the means by which infection occurred.
Infections possibly causedby the person
Behavioral changes due to a knowledge of infection

This information is described on the following pages. Any such information
will be used solely for the research purposes described above. No attempt to
identify individuals will be made. Data will not be released to others without your
consent.

Thank you very much. Your cooperation is appreciated.

Ann Stanley for

Tom Marr, Stir!ing Colgate, Pat Hagan and Mac Hyman

Data needed from antibody tests:

A. Data

This data is aenerated from antibodv tests on various aroum and consists of, -
numbers positive-and numbers neaative.- Some of the followina will be known
about the individuals and
about the numbers testing

groups {ested, We need to know as fiuch as possible
+ and - according to

1. Sex

2. Age

3. Residence (be as specific as seems reasonable)

4. Date of test(s)

5. For males participating in homosexual activity in the past seven (7) year%

a. Numbers of pa~ners in a given length of time (please specify) prior to
the test.

b. For each partner, or an average with each artner, cw over a given
rlength of time (please specify which is given , how may times has the

individual participated in

1, receptive anal intercourse

2. insertive anal intercourse

3. u+her sexual activities

6, For males and females participating in heterosexual activity in the past
seven (7) years:
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a.

b.

Numbers of heterosexual
specify) prior to the test.

partners in a given length of time (please

For each partner, or on average with each partner, or over a given
len@ of time (please specify which is given), how many times has the
individual participated in sexual intercourse?

7. Does the individual use condoms (always, usually, rarely)? Has this
behavior changedsince 1982?

8. Does the individual use a spermicide containing nonoxynol-9 (alwa s,
Kusually, rarely)? If so. what is the percentage af nonoxynol-9 in t e

spermicide?

9. Frequency of needle-sharing drug use.

10. Recipients of blood products since 1970 and the dates and product type,

11. Was the individual tested because of a known risk of infection? If s~,
specify the particular risk.

B. Reasons we need this breakdown:

We are developing a model which looks at the spreading of HIV in different
regions of the country, in different age groups, and in malas and females
separately. At present, ma’or transmission lines are by means @f sexual contact and

Ineedle-sharing and by b ood products in tha past. The likelihood of sexual
transmission depends on the type of contact, the use of condoms and Nonoxynol-9,
and the numbw of repetitions of contactwith an infected patiner. It also depends
on the probability that the partner is infected,

To make predictions on the course of the disease, we rwed to know how many
people in eachg~oup are infected at present. We Ian to use this data to check the

faccuracy of our HIV model by starting the mode in the past and comparing the
results to present values,

We need to know 11 so that we can understand any sample bias, i.e., how
representative of the general population is it?

Data newhd from serooos Itlws ●nd AIM oatientq:

This will be data from case studies or tr~m information forms filled out by
seropositives, or their physicians. We ne~d as much of the following information
about each person as oossible.

L Information about the patient’s general h~alth, when Infected, how hdth
has progrwsed sinca infection.

A. Data

1, Age

2, Date of first seropositive test
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3. Date of AIDS diagnosis, if any, and

a. Illnesses first diagnosed

b. Date of death and cause(AIDS or non-AIDS)

c. Any other AIDS-related illnesses which were diagnosed later

4. Person’s general health prior to infection

5. Estimate of the time period when infection occurred, How was this
estimate arrived at?

6. Dates of examinations of the person and at eachexamination

a,

b.

c.

T-4 cell count

Any indication of HIV-caused health problems

If viral cultures are taken, was it pessible to grow virus from
hem? .

8. Why we need A.

The point of asking all of these uostions is to determine: 1)
\probability of developing clinical AID as the tima since infection

increases; 2) the probability of dying as the time sinca a s ecific illness
toccurred increases; 3) how these probabiliti~s ara affecte by age and

general health; 4) how infectious the person may be at each stage since
infection. All dates may be given in terms of time since first seropositive
test.

Il. Information about the means by vvldch infection occurr~d.

A, Data needed.

1, Sex.

2. It it known for sure how infection occurred? If so, by what route?

3* Has the person shared needles in the past 10 years? If so, how
often ?

4, Does th~ person have one or more long-term sexual partners (moro
than one year duration)? If so, for eachpartnar answer,

a.

b.

c,

IS that partner infected?

How frequent is sexual contact?

Prier to knowled e of infection, were rotective measures
J Yregularly employe (condoms or Nonoxyno -9)?
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5.

6

7s

8.

9.

10.

11.

12.

d. Estimate how long the first partner was infected before the
second one becameinfected. If the partnership began after the
partner became infected, please note the length of time after
infection that it started. How is this estimate arrived at?

e. !s this a homosexual or heterosexual partnership?

For males participating in homosexual activity in the past seven (7)
years;

a. Numbers of partners in a given length of time (please specify)
prior to the test.

b. For each partner, or an average with each partner, or over a
given length of time ( lease speci which is given), how may

P 2times has the individua participate in

1. receptive anal intercourse

2. insertive anal intercourse

3. other sexual activities .

a. Numbers of heterosexual partners in a given length of time
(please specify) prior to the test.

b. For each partner, or on average with each partner, or over a
given length of time (please specify which is given), how many
times has the individual participated in sexual Intercoume?

Does the individual use condoms (always, usually, rarely)? Has this
behavior changedsince 1982?

Does the individual use a spermicide containing NonoxYnol=9
(always, usually, rarely)? If so. what is the concentrat~on of
fUonoxynol-9 in the spermicide?

Region(s) where the per~on lives or visits frequently.

If this is an infant infected by its mother, how long was the mother
infected prior to the infant?

Has the person received any blood products since 1970. If so, list
$% and any reasons that the infection occurred on a particulw

.

Are there any other mems by which infection could have occurred?

0, Reasons for these questions:

1, We naed to asce~ain the ease by which the disease is transmitted
by variou$ routes, The partner-partner questions are designed to
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help us estimate the probability of infection from sexual contact as
!it varies along the course o the disease. The mother-child

questions WIII also shed Ii ht on infectiousness as it varies from the
8beginning of infection to eath.

7,- . Our model will contain the major transmission lines for the virus.
This involves breaking people up into behavioral groups, and
estimating the numbers infected in each risk group. We will also
look at interregional transfer of the virus.

Ill. Infections possibly caused by the person.

A. Data

1, If this is a woman, has she had any children since infected? If so,
answer for each:

a. Date of birth relative to infection

b. Is the child infected?

2. Is it known that this person has infected people through sexual
. contact, other than a regular partner, [f so, when after infection -

did the viral transmission occur?

B. These questions are aimed at ascertaining infectiousness as it varies
throughout time of infection.

Iv. Behavioral changes chmto knowladge of inf.ction.

A. Data

1, If the person has a regular sex partner, did their sexual habits
change once one was knawn to be infected?

a. Abstinence.

b. D@creasein frequency (how much?).

c. Increased condom use, (how much?).

d. Increased used of nonoxynol-9?

e. One person is very ill, so sax has decreased.

2. If this person had outside sex relations have the sexual practices
changed?

a. Too ill to engage in outside sex

b. Abstinence

c. Condom use

di Nonoxynol-9 use

c. Decreas@in frequency (how much?)

3, If this is a woman, who planned to have children, has she changed
plant for children?
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B. The reason for these uestions is that we would like to be fairly realistic
!about the beneiits o any testing plan. How does knowledge that a

person is infected change an average person’s behavior toward loved
ones arid toward outsiders? We can use our model to investigate how
behavioral changes will affect the future course of the epidemic.

v, Identification of Provider

Names

Affiliations

Medical/Scientific Specialty

Description of Study that provided information

Related publications/preprints

VI. Suggested Sources for Additional Information

APPEIWX C

ECONOMIC MODELING OF THE NATIONAL COSTS OF THE AIDS EPIDEMIC

Investigators: S. Booth, t?. Drake and L. Adcock

The objective is to provide economic impact predictions based on the output

from the epidemiological models of the AIDS epidemic. Two categories of

economic costs representing major burdens to society will be tnalyzed: medical

system costs and nationai productivity losses.

Medical system costs of caring for AIDS patimts will be analyzed using existing

health care data bases as modified to fit the particular circumstances of the AIDS

epidemic. Straightforward adding up of direct costs will show the cost burden of

the disease over time. In addition, feedbacks wili be incorporated into the model

between the spreading of the disease over time and the bottlenecks and

modifications to th~ health care system that will result from system overloads.

Supporting financial institutions wiil be @xamined by the modeling to anticipate

when cost burdens may generate failures in insurance systems, public health

facilities, governm~nt budgets, and the medical community in general.

Nationtd productivity losses due te the disablement and death of citi~ens will

be incorporated into the epidemicdogical models using several approaches, The
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economic valuation of human life as applied in cost benefit analyses will be appiied

to the death rate output of the models as one measure of lost productivity. Internal

demographic modeling will be important in this analysis to correctly evaluate the

populations that are most effected by the epidemic. Another approach to national

productivity losses will be explored for feasibility. That is to use an interindustry

model of the country with production functions by industry and region. The

production functions would include labor costs as inputs and so could trace the

hardest hit economic sectors and their rippling effects on deteriorating national

output.

The measurement of growing economic burdens as time advances resulting

from various stages of the A!DS epidemic will provide crucial information to policy

makers. Decisions about actions and funds to devote to the battle against the

disease will depend heavily upon realistic analysis of the costs that tl,e disease will

impose.

Our work will enhance the relevance of the epidemiological model by -

integrating the results with measurement of the major economic costs to society.

We will be breaking new analytical ground in applying production functions to the

study of disease impact on national output. In addition the tools developed will be

of direct relevance of potential DOD studies of the impact of AIDS and other

diseases on our military readiness and war fighting capabilities.

The objective of this research is to provide analytical support in the field of

economics to the epidemiological models of the AIDS pandemic. We will calculate

the major economic costs to society over time. The economic work will evaluate the

costs that will be borne by the medical system. It will also evaluate the losses in

national output that will result from the death and disability of many citizens. This

study of economic factors associated with the spread of the disease will provide new

perspectives on cost benefit analysis applied to the field of health care. it is an

important adjunct to the epidemiological models. It will provide quantitative

guidance to policy makm for use in determining the level and timing of resources

to devote to dealing with the forecasted spread of AIDS, The results of this work

will be to provide readily understandable economic measures of the burden to

society of the AIDS situation.

The research will be approached through a balanced application of data

analysis and modeling. Existing mtdical and other cost data will be carefully

reviewed for #applicability to the AIDS situttion, Problems with standard

extrapolations will be carefully dealt with as the ●xponential spread of infection
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invalidates normal data assumptions. The inadequacies of populariy quoted

medicai cost estimates per AIDS patient in the $40,000 - $150,000 range wiii be

overcome with sufficiently detaiied modeiing. W? wiii use demographic and heaith

cost facts to provide estimates for different ciasses of patients and changing cost

Ieveis as numbers of casesrise. Home care, counseling, and family support costs wiii

be considered in addition to the direct medicai expenses. This economic cost

submodel wiii interact with the epidemioiogicai modei so that iinkage keeps the

cost figures accurate as the model shows disease spreading at different rates

through different risk groups, different regions, and other differing population

criteria,

Anciiiary anaiysis of the medicai care cost resuits wtil be carried out to

illuminate some of the institutional probiems associated with the pandemic. At

some high ievei of cost it can be expected that the medicai insurance system wiil

either fail or be greatly modified. The same can be said for various public health

services, government health budgets, and even the private heaith care -

infrastructure itself. The economic cost submodei should be able to help to identify

critical turning points in institutional zusceptabiiity to breakdown.

The medicai care cost research and submodel constitute a discrete element of

the project. Medicai care cost plus the national AiDS research budget are generaliy

viewed as the societai economic burden imposed by AIDS. The second discrete

eiement of our project deais with another economic burden which is generaily

ignored but is probabiy much iarqer than the heaith system costs. That is the

productivity loss to tho nation of the disabled and dead victims of the pandemic.

Our approach to this part of the project invoives two main analytical thrusts. One is

tG app!y the techniques of cost benefit analyses to evaluation of the lives lost, and

the other is to use an interindustry mod~i to exphm the losses resulting from work

force attrition.

The most common way of calculating the economic worth of a pmon’s life is

that of discounting to the present the pers~n’s expected future earnings. This

rnethed finds wide application in cost benefit anaiyses us~d tQ support decisions

about pubiic works investmsmts. in this application the analogy to pubiic

investment in AiDS research and control provides a natural and widely accepted

paradigm. The method is also wideiy used in legal proceedings to determine

damages in cases of wrongful death. The wrongful death proce~dings have

produced a iarge body of generaily accepted methods for evacuating aspects of

iosses th~t can bo used to individljaily evaluate AilX victims, as wmii as, their
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families. By using these methodologies in a simple economic productivity

submodel, the epidemiological models’ demographic informaticm about victims can

be exploited to provide robust estimates of the societal dollar losses due to AIDS

deaths.

The problem with the common way of calculating the worth of a person’s life

is that it provides no regard for the feeling of the potential decedents. It solely

concentrates on lost earnings, usually focusing on how th~ 5etranslate into losses to

survivors. Affected individuals place a much higher value on their life than simply

their expected future earnings. Following Mishan’s seminal 1971 article

“Evaluation of Life and Limb: A Theoretical Approach” we will try to apply sores of

the subsequent theoretical development to com~ up with more comprehensive

measures of the values of victims lives. In particular, ccmsidwations of the risk borne

by all potential decedents (not just direct victims) will provide another measure of

the cost of the epidemic. The literature indicates that the more comprehensive

measure including the potential victim’s feelings vvdl show losses several times “

greater than the common methodology, although with more roughness to the

estimates.

Another way to measure the societal productivity losses due to AIDS is to apply

an interinclustry model to the situation. This is conceptually quite different from

evaluating future earnings through cost benefit or wrongful death methodologies.

The interindustry model uses linear algebra t~chniques to examine the

interconnections between various economic sectom, By using production functions

for the sectors, the effects of worker attrition due to AlOS can be translated into

cost changes to patiicular industries. The industrial production functions have

inputs of various types of labor, capital, and materials, Changes in the av~ilability of

labor will alter the productivity and inputs needed inmost circumstances, usually in

a negative way if the industry is operating efficiently befcm the changes. Use of an

interindustry model could show very specific changes in national productivity and

perhaps provide guidance to help mollify some ~f thw ~ffdcts. The application of

this modeling to a pandamic would be path breaking wsearch and involve at least

two or three pwson~years of effort. As part of the cu:rcmt project, we propose

simply to do some background work and planning to give a firmcw idea about how

to proceed with an interindustry model in the future if fuliding becomes available.

EXPECTED RESULTS
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[t is expected that during the first year we will have two economic submodels

linked to the epidemiologic! model. The medical care cost submodel will provide

the best estimates available as to the health care costs of the pandemic. Popular

press estimates such as $14 billion in 1991 reported in the February 16, T[ME will be

put on a robust basis and available for all of the scenarios of the epidemiological

models. Similarly, the productivity submodel will provide yearly output on the

losses to the economy of the dead and disabled victims of AIDS. These losses will

probably beat least an order of magnitude larger than the direct medial costs. Also

some preliminary analysis of health care system critical failure points will be

estimated based on escalating levels of costs overtime.

Continuing work will involve improving both data sources and modeling. As

the work proceeds we expect find needs for additional types of data to more

realistically assess the societal impact of the pandemic. Planning will proceed on

how to apply an interindustry model to productivity losses due to AIDS deaths

throughout many economic sectors. Close contact with the epidernicdogicai ~

modelers to provide flexible response will ensure timely economic results to support

the main study. The bottom line result of this work will be to provide readily

understandable economic measures of th 2 burden to society of the AIDS pandemic.

Popular press cost estimates for annual AIDS medical bills by 1991 are in the

$20 billion range and rising exponentially into the future. Productivity losses

measured by standard means would be at I >ast an order of magnitude grater than

the direct medial costs, Economic losses this big would soon start to cause a

deterioration in living standards, They would also impair our strategic and military

strength. We must provide realistic analyses of the AIDS situation and its effect on

our national well being in support of the public policy decision process that will be

forced to deal with the AIDS threat to our nation.

AIDS Overview/Revised (Cd) 5-5-87/AIDS folder/Support.dt



36

REFEllENCES

Anderson, R. M., May, R. M,, Medley, G. F.and Johnson, A., '' APrelimina Studyof
the Transmission Dynamics of the Human immunodeficiency virus ?’HIV) the
Causative Agent of AIDS,” IMA J. Math. Med. 8iol. (in press).

Black, J. L., et. al., “Sharing of Needles Among Users of Intravenous Drugs,” Lancet
314, I (1986) 467-447.

Burke, D. S., et. al., “Human Immunodeficiency Virus (HIV) Infections Amen Civilian
\Applicants for United States Military Service, ” October 1985 - Marc 1986:

~:8ergraphic Factors Associated with $eropositivity. (Unpublished report, Nov.

Dietz, K., The Dynamics of Spread of HIV Infection in the Heterosexual Population,”
(unpublished repoti).

Dietz, K. and Schenzle, D., “Mathematical Models for Infectious Disease Statistics,”
in A Celebration of Statistics, A. C. Atkinson and S. E. Fienberg, Eds., Springer, NY
(1985) 167-204.

Fischl, M, A., et al., “Evaluation of Heterosexual patiners, children, and household
contacts of adults with AIDS,” JAMA 257(1987) 640-644.

Francis, 0. P., et. al,, “Infection of Chimpanzees with Lymphadenopathy -associated
Virus,” Lancet, (Dec. 1, 1984) 1276-1277’.

Ginzburg, H, M., “Intravenous Dru Users and the Acquired Immune Deficiency
?Syndrome,” Pub. Heal. Rep. 99 (1984 206-212,

Hethcote, H, W. and York, F. A, “ Gonorrhea: Transmission Dynamics and Control ,“
Lecture Notes in Biomathematics 56 (1984) 1-105.

Maflini, E,, “Betrachtungen zur E idemiolo ie der Malaria und der Syphilis,”
r LDermatologische Wochenschrift 19 1928) 640- 3.

Murray, J. D., Stanley, E. A. and Brown, D. L., “On the Spatial Spread of Rabies
Among Foxes,” Proc, R. Sot. London, B229, (1986) 111-150.

Rogers, M. F. and Williams, W. W., “AIDS in Olacks and Hispanics: Implications for
prevention,” Issue in Scienceand Technology, (Spring 1987) 89-94.

Ross, R., “The Prevention of Malaria,” Second Edition, Murray, London (191 1).

Sulahuddin, S. Z., et. al., “HTLV-111 In Symptom-free $w’onegative Persons, ” Lancet,
(Dec. 22-29, 1984) 1418-1420.

Weiss, $. H., et. al., “HTLV411 Infection Amen Health Care Workers. Association
with Needle-Stick In juries,” JAMA 254(1985) 2#89-2093.

Weiss, S. H. and Biggar, R. J., ‘The Epidemiology of Human Retrovirus - Associated
Illness,” Mt. Sinai J. Med. 53 (1986) 579-591.

AIDS Ovwview/Revised (Cd) 5-5-87/AIC)S folderfiuppcwt-dt



37

Winkelstein, W. et. al., “Sexual Practices and Risk of Infection by the Human
lmrnunodeficiency Virus, “ JAMA 257 (19871 321-325.

Hahn, B. H., et al., “Genomic diversity of the acquired immune deficiency syndrome
virus HTLV-111: Different viruses exhibit greatest divergence in their envelope genes;
Proc. Nat’l. Acad.Sci. 82 (1985), 4813-4817.

Finkbeiner, A., Hancock, E., and Schneider, S., “AIDS, Ju$t the facts from specialists
at John Hopkins, ” ;ohns Hopkins Msg., Dec. 1986, 15-27.

Brodt, H. R, et al., “Spoutanveriauf der LAV/HTLV-lll-lnf ektion, ” Deutsche
Medizinische Wochenschrift, 111 (1986) 1175-1180,

Redfield, R. R. and Burke, D. S., “Shadow on the land: the epidemiology of HIV
infection, ” unpublished report.

Melbye, M. et al., “Long-term seropositivity for human T-lymphotropic virus type Ill
in homosexual men without the acquired immunodeficiency syndrome:
development of immunologic and clinical abnormalities,” Ann. Int. Med. 104(1986),
496-500.

Lan e, J. N!. A., et al.,
%

“Persistent HIV antigenaemia and decline of HIV core
anti odies associated with transition to AIDS, ” M. Med. J. 293 (1986) 1459-1462.

Francis, D. P. and Chin, J., “The Prevention of Acquired Immunodeficiency Syndrome
in the United States, ” JAMA, 257(1987), 1357-1366.

AIDS Overview/Revised (Cd)5-5-87/AIDS folder/Support-dt



I 234 S67891011 12131415 -
T~ sm btfec?ti (YWMS)

1-
f%wtion Of The Curve Seen to Ode



Thne since infecth



-

&-
a

I 2 3 4 5 6 7

Owotion 0! Sexuci Partnerships (yeors)



b

,.

NumMf Of %mml Pur3ners In The Posf 2 yews


